In our study, we hypothesized that higher caffeine intake would be associated with lower sleep duration among 13-year-old adolescents. In addition, we aimed to identify food sources of caffeine intake in this sample. Eligible participants were adolescents who were born in 1990 and attended school in Porto, Portugal, in 2003. Self-administered questionnaires were used, and diet was evaluated using a food frequency questionnaire.
Introduction
Caffeine is one of the most commonly consumed psychoactive substances in the world [1] and is available in a variety of dietary sources such as coffee, tea, cocoa, and soft drinks [2] . Today, approximately 80% of the world's population consumes a caffeinated product every day, with coffee (71%), soft drinks (16%), and tea (12%) being the most commonly consumed [3] . Caffeine has been widely studied in a variety of areas regarding human health and performance [3] . Many studies confirm caffeine's ability to enhance mood and alertness [4, 5] , information-processing speed, awareness, attention, reaction time [6] , and exercise performance [7] . However, most of this information has been based on the adult population.
Scientific evidence supports that, when consumed in moderation, caffeine has no adverse health effects [3] . The exact amount of caffeine necessary to produce an adverse effect varies from person to person, depending on their weight and sensitivity to caffeine [8] . Furthermore, caffeine is the most widely used stimulant to counteract the effects of sleepiness, but it also has detrimental effects on subsequent sleep. This is especially evident when sleep is initiated at a time when the biological clock sends a strong waking signal, such as during the daytime [9] . In fact, in the general adult population, sleep problems such as sleep disturbance and daytime sleepiness have been associated with caffeine use [1] .
Also at younger ages, caffeine intake may disturb sleep patterns and impair children's daily life activities [10] . Furthermore, an increased risk of caffeine-induced daily headaches was found in children and adolescents [11] . Although more research is needed on the effect that caffeine has among children and adolescents, it is probable that they may present more vulnerability to caffeine effects because in these age groups the caffeine intake is usually less frequent compared with adults [12] .
To identify adolescents with higher risk of excessive caffeine intake, we need to study its associated characteristics. In addition, to develop efficient messages aiming to reduce caffeine intake among these groups, identifying the caffeine food sources, beyond those most well known, is essential because updated evidence on food sources of caffeine intake is scarce for adolescents [2, 12, 13] .
In this study, we hypothesized that higher caffeine intake would be associated with lower sleep duration among 13-yearold adolescents. In addition, we aimed to identify food sources of caffeine intake and characteristics associated with its intake.
2.
Methods and materials
Subjects
As previously described, eligible participants were adolescents who were born in 1990 and enrolled at either a public or a private school in Porto, Portugal, during the 2003/2004 school year [14] . The eligible participants included 2787 adolescents: 2126 (76.3%) from public schools and 661 (23.7%) from private schools. Among these adolescents, 44 (1.6%) failed to be reached and 583 (20.9%) refused to participate (no signed informed consent form was returned). Consent and the necessary information (at least for part of the planned assessment) were provided by 2160 (1651 public and 509 private school students) adolescents, thus resulting in 77.5% overall participation (77.7% from public and 77.0% from private schools).
For the present study, we analyzed data from 1522 participants, after excluding participants with missing data on the food frequency questionnaire (FFQ) and outliers, as previously described in detail [15] . Overall, and compared to included participants, more male participants were excluded (52.8% vs 46.5%, P = .008), more adolescents with parents less educated (<12 years of education: 81.8% vs 70.9%) and more public school attendees (84.3% vs 73.1%, P < .001). For body mass index (BMI) categories and sports participation, excluded adolescents were not significantly different from those included in the analysis.
The study was approved by the Ethics Committee of Hospital S. João, and procedures were developed to guarantee data confidentiality and protection. Parents and adolescents received written and oral information explaining the purpose and the design of the study, and written informed consent was obtained from both.
2.2.
Subject questionnaire and data collection Two self-administered questionnaires (completed at home and at school) that comprised information on social, demographic, and behavioral characteristics as well as individual and family history of diseases were used. A physical examination was also performed at school, by a team of experienced health professionals. As previously described [15] , diet was evaluated using a FFQ, with the prior 12 months as a reference period and completed by the adolescents at home with the help of their parents or legal guardians. Briefly, the FFQ was designed according to Willett and colleagues [16] and was validated for the Portuguese adult population by comparison with four 7day food records (each one in a different season of the year) [17, 18] . The FFQ was then adapted for adolescents, including foods more frequently eaten by this age group, and thus, the adolescents' version comprised 91 food items or beverage categories and a frequency section with 9 possible responses ranging from never to 6 or more times per day. An open-ended section for foods not listed in the questionnaire but eaten at least once per week was also included.
Food intake data were obtained by multiplying the frequency of consumption of each food item by the nutrient content of a predefined portion size. To estimate nutrient intake from the evaluated food intake, the software Food Processor Plus (version 7.2, 1997; ESHA Research, Salem, OR, USA), based on values from the US Department of Agriculture, was used. Values for typical Portuguese foods were added, based on the Portuguese Tables of Food Composition, typical recipes, and data from previous studies [17] .
Food sources of caffeine and the amount of caffeine provided by each food were determined for each person, then each amount was divided by the total intake of caffeine, and the result was the percentage contribution. Foods or food groups evaluated include coffee, tea, cola, ice tea, chocolate milk, dairy desserts, ice cream, cookies, pastries (such as croissants, cakes, etc), chocolate bars (dark, milk, white; also include chocolate powder), snacks containing chocolate, and chocolate spread. The results were presented as medians (25th-75th percentiles) of the calculated contribution.
Parental education levels were measured as the number of successfully completed years of formal schooling, and we used the information from the parent with the higher level of education. Each school was considered public if it was state administered or private if it was not administered by local or national government. Parental education level and the type of school were used as indicators of socioeconomic class.
Any planned, regular exercise, regardless of intensity, which was not part of an obligatory curricular activity, was considered sports participation.
Adolescents were asked to report the amount of time spent each weekend when doing the following: television viewing, reading, doing homework, and playing computer or video games. Total time spent in sedentary activities was computed by adding the total time spent in all of the above activities. As indicators of sedentary activities, we used the time (in minutes) spent watching television and the total time spent in sedentary activities.
Sleep duration was estimated by the difference between self-reported bedtimes and wake-up times for weekdays. Then participants were divided into 3 categories, assuming the cutoffs closer to the tertiles of sleep duration: at or below the 8.5 hours per night, above 8.5 but at or below 9.5 hours per night, and above 9.5 hours per night.
As part of the physical examination, weight and height were measured following standardized procedures [19] . Adolescents were classified according to the age-and sex-specific BMI reference percentiles developed by the US Centers for Disease Control and Prevention [20] . Those at or above the 95th percentile were considered obese, and those at or above the 85th percentile but below the 95th percentile were considered overweight.
Statistical analyses
Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS), version 17.0 (Chicago, IL, USA). Normality was checked using the Kolmogorov-Smirnov test. The χ 2 test was used to compare qualitative variables. Caffeine intake and the contribution of each food group were presented as median (25th-75th percentiles) and compared using the Mann-Whitney or Kruskal-Wallis test, as adequate. To evaluate the association between caffeine intake and sleep duration, odds ratio (OR) and respective 95% confidence intervals (95% CIs) were computed through multinomial logistic regression, with more than 9.5 h/d of sleep duration as the reference. Mean daily caffeine intake in milligrams was divided per 10, to be included in the model, so that the estimated ORs corresponded to an increase of 10 mg in daily caffeine intake. Estimates were adjusted for energy intake, parental education, and weekend television viewing.
Results
The median (25th-75th percentiles) intake of caffeine among this sample of 13-year-old adolescents was 23.1 mg/d (11.6-43.4) . The proportional contribution of food groups to caffeine intake is described in Table 1 . Coffee and tea showed a very small contribution to caffeine intake. The major sources of caffeine were soft drinks, with ice tea presenting the highest median contribution (33.1% [14.0-52.1]), followed by cola with a median value of 21.1% [6.4-37.6]. Among solid foods, chocolate bars presented a median contribution of 5.1% (1.0-14.0), and snacks containing chocolate had a median contribution of 3.0% (0.5-7.2). Caffeine intake levels (total and by source) were compared according to participants' characteristics ( Table 2) . A higher caffeine intake was found among adolescents registered at public schools, those with parents reporting a lower educational level, those reporting no sports participation, and those expending more time in sedentary activities (TV and total). Regarding sleep duration, those reporting less sleep duration had a significantly higher caffeine intake: 27.4 mg/d of caffeine in the group of lower sleep duration and 22.2 mg/d in the group of higher sleep duration.
Regarding each source of caffeine intake, the contribution of soft drinks was significantly higher among boys than among girls (35.0% vs 30.3%, P = .006, for ice tea; 23.7% vs 17.2%, P < .001, for cola). The contribution of chocolate bars was higher among adolescents enrolled at private, among those whose parents had higher levels of education, who reported lower amounts of television viewing and had lower BMI ( Table 2) . The results from the multinomial logistic regression model (Table 3) showed that, after adjusting for energy intake, parental education, and weekend television viewing, an increase of 10 mg in daily caffeine intake was associated with a higher odds of sleeping (≤8.5 h/d (OR, 1.12; 95% CI, 1.06-1.19), compared with sleep >9.5 h/d.
Discussion
In our study, the median intake of caffeine was 23.1 mg/d, and its major sources were soft drinks, followed by cocoa products.
In addition, we confirmed the hypothesis that higher caffeine intake was associated with lower sleep duration among 13year-old adolescents. The scientific literature reports a wide range of data regarding caffeine intake in different populations. Among US children younger than 18 years, the mean daily caffeine intake is about 1 mg/kg; in the United Kingdom, the mean intake among children appears to be less than 3 mg/kg. In Denmark, the mean caffeine intake is less than 2.5 mg/kg, and among 10-to 15-year-olds in Australia, the mean caffeine intake is 1.3 mg/kg [2] . According to the National Health and Nutrition Examination Survey (1999-2002), 12-to 19-year-old adolescents in the United States had a mean (SD) intake of 71.5 (4.3) mg/d of caffeine [21] , which is Values presented are medians (25th-75th percentiles), and statistical differences between medians were determined by Mann-Whitney or Kruskal-Wallis tests. a According to Centers for Disease Control and Prevention percentiles [21] . similar to that reported for 571 high school students in Croatia (62.8 [59.8] mg/d) [13] . Another study that focused on US adolescents aged 12 to 18 years reported even higher intakes of caffeine (median, 144 mg/d) [10] . In our sample, the median intake of caffeine was 22.3 mg/d in girls and 23.6 mg/d in boys, corresponding to a median intake of 0.44 mg/kg in the total sample and suggesting a lower intake compared with other populations. Data on food contributors to caffeine intake in other populations are scarce. Our results showing soft drinks as the major source of caffeine are in accordance with a study conducted in a cohort of American children aged 6 to 10 years [22] . It is of interest that in our study, ice tea presented a higher contribution to caffeine intake than did cola. This could be related to parents' knowledge regarding soft drinks, and thus, they may allow ice tea consumption because it is seen as a healthier drink than cola.
Our second highest source of caffeine was chocolate products at approximately 8%, which is much lower than the 38% reported for US adolescents by Ellison et al [22] . However, it is much more in line with data from Croat adolescents that showed about 13% of caffeine consumption coming from chocolate, which was the third highest source of caffeine [13] .
Data from the DAta Food NEtworking study show that household food availability of soft drinks in Portugal is lower compared with other European countries [23] . Although exact data are not available for the same period in all countries, these data indicate a lower availability of the main food source of caffeine in our sample. This may explain the lower intake of caffeine compared with other populations.
Caffeine intake may produce detrimental effects on sleep, resulting in daytime sleepiness. This justifies a careful consideration of risks related to sleep deprivation in combination with caffeine consumption, especially in adolescents. In our results, a higher daily intake of caffeine was reported by those with lower sleep duration (≤8.5 hours), although specific contributions from the different food sources were not statistically significant. Although the cross-sectional design of our study does not specifically link lower sleep duration caused by caffeine intake, it is not likely that it happens the other way around because the use of these beverages to reduce daytime sleepiness is usually described for older adolescents [24] [25] [26] .
Other studies have also reported shorter nocturnal sleep duration [27] or difficulty sleeping [28] among adolescents who had higher caffeine intakes. In a sample of US students, adolescents reporting high caffeine intake were more likely to have difficulty sleeping (OR, 1.9; 95% CI, 1.6-2.1) and to be tired in the morning (OR, 1.8; 95% CI, 1.5-2.1) compared with students reporting a very low caffeine intake [28] . Drescher and colleagues [29] reported an inverse association between caffeine consumption and parentreported total sleep time (regression coefficient, −0.270; 95% CI, −0.463 to −0.077) in a cohort of white and Hispanic adolescents. In our study, an increase of 10 mg in caffeine intake, which is approximately the equivalent to a can of ice tea, was associated with lower sleep duration (≤8.5 h/d) compared with those who slept more than 9.5 h/d. Our results reinforce the relevance of this intake of caffeine because they highlight the effects in young adolescents, even in those with lower caffeine intakes compared with other populations.
Caffeine intake was higher among adolescents enrolled at public schools and among those whose parents had a lower educational level. Type of school and parental educational level were used as indicators of socioeconomic level, and a previous study conducted in our sample also showed that adolescents of the high socioeconomic class seemed to present a healthier contribution of food groups to nutrient intake [15] .
In the present survey, the FFQ we used to assess the caffeine dietary intake levels has some intrinsic limitations. One of these limitations is the use of a predetermined food list that might not be representative of foods eaten by the specific population [30] . Nevertheless, we believe that this potential bias had a very low influence because this FFQ has been previously validated for the adult population [17, 18] and was specifically adapted for the adolescents [15] . Another limitation of the FFQ is the reliance on participants' recall and the recruitment of motivated participants, especially in self-administered questionnaires [30] . Our FFQ was selfadministered, but adolescents were given oral instructions, and written instructions were also sent home, along with the questionnaire. Moreover, adolescents completed it with the help of their parents or legal guardians, which may have improved the quality of information. However, the extent to which parents might have an influence on overestimating healthy foods (according to what is socially acceptable) and on underestimating unhealthy foods is unknown. In addition, because the FFQ was self-administered, we had to exclude some participants who did not fill in the questionnaire or did not complete it properly. Because those subjects excluded were enrolled more frequently at public schools and their parents presented a lower educational level and because these characteristics were associated with higher caffeine intake, we believe that the caffeine intake in our sample is underestimated. Regarding sleep duration assessment, an objective measure was not possible to obtain in our study, and sleep duration was estimated through self-reported bedtimes and wake-up times. Although it is not the reference method, a study of high school adolescents found, for weeknights, high correlations between actigraphy and self-reported bedtimes (r = 0.70) and wake-up times (r = 0.77) [31] . However, we recognize that sleep duration is only a small component of the sleep characteristics, and our data do not allow the study of consequences on other components of the sleep pattern.
On the other hand, we need to mention some strengths of our study. It was conducted in a large population-based sample of adolescents who were recruited at schools, with a high proportion of participation (about 78%). In addition, because school education is compulsory in Portugal at 13 years of age, schools are an ideal sampling frame for this age range.
We found soft drinks as the major source of caffeine intake, and our results support the hypothesis that caffeine intake could compromise sleep duration in adolescents. However, the intake of coffee and tea was very low, thus suggesting a potential intention to restrict caffeine intake but lack of awareness regarding other important food sources. Appropriate measures of health promotion are needed to ensure that adolescents are given the tools necessary to develop into healthy adults.
